Aim: To evaluate the value of a more closed perioperative ECG follow-up in the investigation and forecasting of cardiovascular events during and after hospital admission. Methods: We included in the study 30 asymptomatic patients from cardiac point of view (14 women, 16 men, mean age 63 years), who underwent total hip arthroplasty. ECGs were performed on the day before surgery, on the day of surgery, after the intervention, and on the 3rd day. We looked for the correlations between ECG changes and clinical events. Results: The commonest postoperative new ECG changes were QTc prolongation (14 patients -46,6%) and sinus tachycardia (8 patients -26,6%). There were no major cardiac events during hospitalization, and we found possible correlations in two cases between perioperative ST-T changes and postdischarge clinical events: one exitus and one case of ischemic heart disease. Conclusions: Our data do not support the efficacy of a more closed, routine ECG follow-up in the studied, low risk patient population, but new perioperative ST-T changes always have to be taken into account. THA is one of the most common elective orthopedic procedures, its frequency is continuously increasing in Romania, primarily due to the spreading of degenerative joint diseases and ageing of population [1] .
Introduction
Elective total hip arthroplasty (THA) is a widely performed intermediate-risk orthopedic intervention with multiple cardiovascular effects and possible clinical consequences. THA is one of the most common elective orthopedic procedures, its frequency is continuously increasing in Romania, primarily due to the spreading of degenerative joint diseases and ageing of population [1] .
There is a wide range of potential cardiovascular complications associated with the procedure, mainly due to the stress response, the main consequence being the increased oxygen demand of the myocardium and the imbalance between prothrombotic and fibrinolytic factors. At the same time, other parameters like type of the anesthesia, surgical technique, duration and quantity of bleeding and body temperature during the intervention could have impact [2, 3] .
This relatively frequent surgical operation has a 30-day and 90-day mortality rate of 0.30% and 0.65%, respectively. The most important risk factors for early mortality are male gender, age and the occurrence of cardiovascular complications (myocardial infarction, pulmonary embolism) [2] [3] [4] . Comorbid heart diseases also complicate the postoperative period by further decreasing quality of life and general disposition [5] .
In our study, we investigated the value of sequential ECG recordings performed in the perioperative period in the prediction of early or late cardiovascular events occurring after THA, in a low risk population.
Methods
Between June and December 2016, 30 cases (14 females, 16 males; average age: 63 years) undergoing THA were selected prospectively and randomly from the patients of the Orthopedic and Traumatology Clinic of the Clinical County Hospital Mures. All the patients voluntarily agreed to participate in the study, signing an informed consent. Inclusion criteria were the lack of known heart disease and the absence of cardiac symptoms (typical cardiac complaints). Prior to hospitalization, all patients had a preoperative cardiac examination, which did not identify cardiac abnormalities. The study was performed with the approval of the Scientific Ethical Committee of the Clinical County Hospital Mures.
For each patient, three standard 12-lead electrocardiograms were recorded: the first, on the day before surgery, the second, right after surgery and the third, three days after surgery. The ECGs were recorded under basal circumstances: no eating, drinking coffee and smoking at least for 2 hours before, in supine position. The places of the chest electrodes were marked during the first registration, for interpreting correctly any ECG-changes on the consecutive ECG-recordings.
The following characteristics of the patients were registered: gender, age, body weight, body height, waist circumference, family history, tobacco, coffee and alcohol consumption, possible cardiac complaints in the previous month. During the ECG analysis, we assessed the following parameters and their changes: rhythm, QRS axis, heart rate, bundle branch block pattern, Sokolow-Lyon index, low voltage pattern, ST-T changes (ST depression, -elevation, negative T waves), arrhythmias, QT interval (corrected QT -QTc -using the Bazett's formula). We used a cut-off value of 440 ms for assessing the tendency for QTc prolongation. Each recording was evaluated by two independent readers, and the parameters were recalculated in the cases when mismatch was present. Special attention was paid to the three ECG parameters which predict best the potential cardiac events: heart rate, ST-T changes and QTc prolongation.
By telephone follow-up, at one and three months after hospital discharge, the status of the patients was assessed prospectively. New and significant cardiovascular complaints, antalgic medication need, emergency hospital admissions and mortality (cardiovascular and general) were recorded.
The statistical evaluation of heart rate and QTc interval was done by paired t-test and repeated measurement analysis of variance (ANOVA) with a significance level set at p<0.05.
Results
The dynamics of the ECG curves, the incidence of diverse changes (compared to the preoperative ECG), is presented in Table 1 . The most common change was the prolongation of the QT interval. It should be noted that most of the changes which appeared on the second ECG curve (immediately after surgery) persisted on the third ECG curve as well. Table 2 shows changes in heart rate and QTc interval in relation to surgery. Significant increase in frequency and prolongation of QTc were clearly detectable immediately after surgery. On the 3 rd day after surgery the decrease in heart rate was not found to be significant, while the QTc interval shortening proved to be significant, even though it did not return to the initial values (p=0.0176).
During telephone follow-ups, we encountered two cases whose output had a possible correlation with the changes in the perioperative ECGs. The first one was a 68-year-old non-alcoholic and non-smoking female patient with a BMI of 32 kg/m 2 , who had been diagnosed with ischemic heart disease (typical chest pain) associated with ECG abnormalities. This patient showed on the preoperative ECG, in the leads V1-V4, negative T waves which were extending to the V5 lead on the second ECG (right after surgery), the final ECG curve indicating them again only in V1-V4.
The second case is a 76-year-old female patient with a BMI of 29 kg/m 2 , occasionally drinking alcohol, not smoking. She had mild, intermittant symptoms during the month prior to surgery -palpitations, non-typical chest discomfort, dizziness. Acute myocardial infarction and death was recorded during the telephone follow-up. In this patient we found negative T waves on the preoperative ECG, in the leads V1-V3, which became more extended on the first postoperative day (leads V1-V6), being present in the leads V1-V5 on the 3 rd postoperative day (Figures 1  and 2 ). The patient was completely asymptomatic during the perioperative period and the ECG changes were attributed to anemia. In both cases, the QTc interval was in the normal range on all ECGs.
Discussion
Preoperative cardiovascular risk assessment is a complex and compulsory part of any planned surgical procedure, having the aim to identify high-risk patients. For some of these, surgery (temporarily) cannot be performed, further investigation or specific treatment being required. Cardiac risk assessment is based on a thorough clinical examination (history, physical examination) and on the classical 12-lead ECG. The algorithms of the different guidelines published by various associations describe the tasks in detail and take into account the risk level of the operation and its lifesaving or urgent nature in addition to the patient's characteristics (clinical findings, diagnoses, functional capacity, biomarkers, drugs used, etc.) [6, 7] . New or increasing (extending) negative T waves in the precordial leads* 3 2 2
Normalization of negative T waves in the precordial leads 1 1 0 Despite careful preoperative assessment and screening, intrahospital or postdischarge cardiovascular events, especially myocardial infarction and pulmonary embolism, may cause the death of the patient. Peri-and postoperative follow-up and risk assessment is therefore a major practical issue, its implementation being currently less standardized. Primarily, in the case of asymptomatic patients without known cardiac disease, it is a challenge to find out the tools which are the most proper for an effective perioperative risk assessment.
In our work, low risk patients without known cardiac involvement were studied in the perioperative period using standard ECG recordings, in the setting of a relatively frequent, intermediate-risk orthopedic intervention. Our goal was to screen and find out postoperative cardiac events and to do risk assessment with a simple, inexpensive and easily accessible diagnostic tool.
The dynamics of heart rate and QTc interval in the postoperative period (significant increase and prolongation) clearly indicate the operation-induced stress response. The reasons for this are multiple -mental factors (anxiety), blood loss, pain, effects of certain drugs, etc. -and its essence is the enhanced sympathetic tone, which is a known etiopathogenetic factor in triggering cardiovascular events [8] . Surprisingly, we found frequently QTc prolongation exceeding 440 ms, but this did not coincide with the appearance of symptomatic arrhythmias.
New or increasing ST-T changes suggesting myocardial ischemia or right ventricular overload were rarely present, and only in one patient the repolarization changes being not present in the preoperative period. However, the two patients with cardiac events in the postoperative period took part from this group, the clinical significance of the new or increasing ST-T changes, looking retrospectively, being unquestionable. The relatively low incidence of relevant ST-T changes, together with the low peri-and postoperative clinical events number are the main limitations of our study, which could be considered as a pilot type in this context.
Periodic and postoperative risk assessment is an important and complex task in the case of intermediate and high-risk surgical interventions. Although, there is no optimal method available currently, it is likely that this will be based on a combination of multiple parameters. In this regard, more and more data are available about the value of biomarkers -NT-proBNP, troponin -and different score systems [9] [10] [11] [12] in this setting. In the prevention of clinical events, however, remains of primary importance the onsite availability of the adequate postoperative care [13] .
Conclusions
Based on our data, in a population with low cardiovascular risk, the value of perioperative risk assessment using a closer ECG follow-up is questionable, mainly due to the relatively small number of peri(post)operative clinical events. At the same time, the complex stress reaction caused by surgery can be perceived as a cardiac stress test equivalent, and, in this context, perioperative ST-T changes always have to be taken into account. On the other hand, in the case of preoperative repolarization anomalies, the new or increasing ST-T changes on the postoperative (mandatory) ECG could indicate myocardial ischemia and an increased risk, despite of the existence of a negative preoperative routine cardiac evaluation. Also, our data support the need for a more thorough cardiovascular evaluation of asymptomatic patients with non-specific ECG changes prior to surgery.
